Application of a Novel, Vacuum-insulated Solar Collector for Heating and Cooling  by Burckhart, Helfried J. et al.
 Energy Procedia  48 ( 2014 )  790 – 795 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer review by the scientifi c conference committee of SHC 2013 under responsibility of PSE AG
doi: 10.1016/j.egypro.2014.02.091 
SHC 2013, International Conference on Solar Heating and Cooling for Buildings and Industry 
September 23-25, 2013, Freiburg, Germany 
Application of a novel, vacuum-insulated solar collector for heating 
and cooling 
Helfried J. Burckhart, Franck Audinet, Marie-Laure Gabassi, Christophe Martel 
CERN, 1211 Geneva, Switzerland 
Abstract 
A solar collector field of 250 m2 is being set up for cooling and adding to the heating of a building of  4000 m2 with mixed use, 
which includes offices, laboratories, computing and electronics facilities, and a public area. Novel solar thermal collectors will be 
used, which reach excellent performances, thanks to vacuum-insulation and innovative assembly techniques. This allows the 
efficient operation of an absorption cooling unit. The thermal concept combines the warm and cold streams and gives priority to 
solar energy. 
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1. Introduction 
The European Laboratory for Particle Physics CERN is located near Geneva, Switzerland, on both sides of the 
French-Swiss border. In order to study the fundamental laws of nature, CERN has built and operates several particle 
accelerators. The most recent one, called Large Hadron Collider (LHC), is situated in a 27 km long circular tunnel 
about 100 m underground. The real estate infrastructure of the laboratory consists of two campuses with buildings of 
360.000 m2 and 130.000 m2 on the Swiss and French side of the border. In addition, there are several smaller sites 
located above the underground accelerators, serving as access points and hosting infrastructure services. Each 
campus has its own water and electricity distribution network and district heating system.   
CERN has been founded in 1954 and buildings have been added over the years as new accelerators have been 
built. Therefore the building stock is quite inhomogeneous and reflects the technical and energetic standard of the 
time of construction.  
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At present, there are several new buildings being constructed each year. Depending on their location, they follow 
the energy norms of the host states Switzerland and France. In addition, CERN has decided to favor sustainable 
energy solutions. The most recent building, which is the subject of this article, will use solar energy for cooling and 
heating. 
The next chapter shows the outline of the building and in the third chapter its thermal energy concept is discussed. 
A major component of the heating and cooling system is the solar collector field, which is described in chapter 4. 
The results of the simulation and the expected performance are given in chapter 5. 
2. The Building 
The building is located on the CERN campus on French territory, close to the operations centre for all CERN 
accelerators. Its main purpose is to house the offices, meeting rooms and laboratories for the personnel of the 
accelerator controls group. In addition there will be public areas for visitors, a conference room, and a cafeteria.  
The building is organized in three wings comprising of 2 or 3 stories with a total surface of 3950 m2. A view of 
the building and the layout of the ground floor are shown in fig. 1. 
 
 
 
Fig. 1. 3D CAD view and plan of the ground floor 
3. The thermal concept 
The new building fulfils the requirements of the recent French norm RT2012. Apart from excellent insulation, it 
has triple-glazed windows and a fixed structure mounted outside to provide shade in summer, but still allowing day-
light to enter. Heating is provided by a radiant floor, which is also used in summer to circulate pre-cooled water in 
order to limit the temperature in the offices and meeting rooms to 27 °C. The laboratories, the conference rooms, and 
the cafeteria are heated and cooled by an air circulation system. The central points for thermal energy are two water-
filled reservoirs in the basement, 10 m3 for cold water at 10 °C and 3 m3 for warm water of up to 95 °C. A schematic 
diagram of the thermal energy flow is shown in fig. 2. 
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Fig. 2. Flow of thermal energy 
 
In summer the energy collected by the solar field is stored in the warm reservoir. This energy is used for 
preparing sanitary water and to feed an absorption cooling machine of 95 kW output power. The latter delivers 
chilled water at 6-10 °C to the cold reservoir, which is used to cool the rooms and the technical installations. When 
not enough solar energy is available a traditional compressor-driven cooling system is started to produce the chilled 
water. 
In winter, the energy collected by the solar field is normally not sufficient to drive the absorption cooling machine 
efficiently. As cooling is still needed for electronics and computers, chilled water is provided by the compressor 
system, of which the “waste” energy is injected into the warm reservoir. As this has now to provide energy only for 
the sanitary water and for the low temperature heating, it can be run at temperatures as low as 55 °C. The solar field, 
which can easily be tuned to the desired output temperature as shown in the next chapter, keeps delivering the 
collected energy to the warm reservoir. When the combined energy of these two sources is not sufficient, additional 
energy is provided by the district heating system. This priority system is designed to minimise the energy needed 
from conventional sources like electricity and gas (for the district heating).  
Another, very interesting option could be added. If a low-grade heat source could be made available, e.g. from a 
cooling system of accelerator equipment, the absorption cooling machine could be operated in “heat pump mode” by 
connecting the hydraulic circuits differently:  The driving energy would come from the district heating system, the 
“warm” output would be connected to the low temperature floor heating and the “cold” output would absorb energy 
from this waste heat.  
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4. The solar collector 
The quality of the solar collector is crucial for the efficient operation of an absorption cooling system. As this 
needs input temperatures in the order of 90 °C, standard flat panel collectors cannot be used. Vacuum tube collectors 
can provide such temperatures, but they have a lower geometrical efficiency, which is a major disadvantage as the 
space on the roof is quite limited. Therefore, novel collectors [1] from the company SRB [2] have been selected. The 
concept of combining vacuum-insulation with flat-bed design gives the advantages of these two traditional types of 
collectors: high output temperature, high efficiency, ease of use, and robustness. The first two qualities are not only 
due to vacuum insulation but also thanks to the special arrangement to mount two half-tube metallic mirrors 
underneath the collectors, see fig. 3. In this way light also shines onto the bottom side of the receiver and thus 
effectively doubles the energy per receiver area. This holds for both direct and diffuse light, which is of special 
importance as diffuse light amounts to about half of the total light in middle Europe. The stability and ease of 
operation of this solar collector has already been proven in existing installations.  
 
 
 
Fig. 3. Assembly of the absorber panel and the two mirrors 
 
The design and the construction of the collector are based on technologies developed at CERN for particle 
accelerators. A vacuum of 10-6 to 10-9 mbar is maintained over the lifetime of the panels thanks to a piece of getter 
material. This is a specially selected metal alloy which adsorbs on its surface atoms and molecules. When being 
heated by the sun these atoms and molecules diffuse into the bulk of the getter material and its surface gets again 
activated for new adsorption. The mechanical design and the construction procedure faced the following challenges. 
Each side of the 2 m2 panel has to support a load of 20 tons, resulting from the atmospheric pressure. Thermal 
expansion is considerable as temperature changes in excess of 300 degrees occur in the operation cycles. The joint of 
the glass plates and the metal frame has to be vacuum-tight over the full life time. All these issues have been solved 
thanks to patented technologies developed at CERN [3].  
Fig. 4 shows the collection efficiency of the assembly given in fig. 3 for different solar irradiations. Temperatures 
up to 400 °C can be reached. It is essential for the efficient operation of an absorption cooling system that 
sufficiently high temperatures can still be achieved at low solar irradiation, e.g. for a covered sky. Fig. 4 shows that 
the 90 °C necessary to drive the absorption unit can easily be reached for irradiations as low as 200 W/m2 with a 
reasonable efficiency. It is important to note that the output temperature can be selected by adjusting the circulation 
speed of the heat transport medium which can be water with glycol or oil. This solar collector is also very suitable 
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for a wide range of other applications needing high temperatures such as industrial processes, sterilisation, water 
desalination and district heating systems.  
 
 
 
Fig. 4. Thermal efficiency for different solar irradiation 
5. Simulation of the solar system 
A preliminary simulation has been performed in order to study the influence of the different system parameters 
and to estimate the expected performance of the thermal system. A solar field with a gross aperture of 291 m2 is 
expected to collect from April to September about 160 MWh thermal energy. With this input, the absorption cooling 
system will produce in summer 85 MWh cooling energy at 10 °C. From October to March the panels will collect 
about 60 MWh. In the simplest case this energy would just be injected in the heating system. If the absorption 
system would run in “heat pump mode” with a source of waste heat at 20 °C it could produce about 1.4 GWh energy 
for heating. 
6. Conclusions 
A building for mixed use has been designed and is being constructed, featuring a holistic approach for thermal 
energy. The combination of the cold and the warm energy streams, together with the usage of a solar thermal 
collector field, will minimize the need of non-sustainable energy sources. This has been possible thanks to a novel 
type of solar collector, which combines the advantages of flat bed and vacuum tube absorbers.   
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